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Abstract ---- A new approach to peeling vegetables, pumpkin 
as a case study, by using rotary cutter has been investigated. 
Rotary cutter of circular shape with triangular side section 
was used to prevent clogging and improve the capability of 
peeler tool to follow the surface unevenness of irregular 
shape of produce. The criteria of experiments were even 
peeling effect at concave and convex areas with minimum 
peel losses. Those response variables were measured for a 
combination of three levels of each dependent variable 
including the angular velocity of peeler head (p. speed), the 
angular velocity of vegetable holder (v. speed), the position 
of peeling on vegetable (location), and applied force (force) 
for pushing rotary cutter towards pumpkin. Estimated 
results on optimum conditions showed a possibility of 
peeling effect at concave and convex areas equal to 36.66 
and 45.27 %/min respectively at 0.74 %/min peel losses.  
 
Index Terms ---- Abrasive, mechanical peeling, peeling, 
pumpkin 
 
Introduction 
  
Low efficiency peeling of fruits and vegetables leads to high 
losses, and poor quality of final processed products. Many 
peeling methods are labour consuming and difficult to 
automate. Mechanical, chemical, and thermal methods are 
currently in use (Luh and Woodroof, 1988; Toker and 
Bayindirli, 2003). Although mechanical method has high 
losses and low flexibility, it is still preferred among current 
methods because it can keep edible portions of products 
fresh and harmless. Using knife, blade, and rotary cutter are 
examples of mechanical peeling methods. Many attempts 
have been made to develop application of rotary cutter in 
peeling of fruits and vegetables. In this method, one or more 
fixed or rotary tools which have at least one cutting part 
make produce peeled off in a similar way to manual peeling. 
All attempts have been done in this area faced with several 
limitations. 
Boyce et al. (1961) used a rotary knife in the form of a 
very flat milling cutter, having a large number of cutting 
teeth distributed over a considerable big diameter, in order to 
produce small chips of peel, the discharge of which is left to 
chance. 
To remedy the problem of producing a continuous peel 
and clogging, Gardiner et al. (1963) applied a rotary knife 
with a cylindrical cutting edge, combined with a disc which 
supports the cylindrical cutting edge and which is provided 
with apertures sharpened in the plane of the disc. It was 
applied to cut the ribbon of peel transversely into smaller 
portions making discharge easier. Peeler in this method can 
not follow the uneven surface or irregular shape of produce. 
Polk (1972) claimed a big rotary milled edge and rotary 
vegetable holder. His peeler also had the same limitations as 
Gardiner (1963). 
Couture and Allard (1979) invented a cutting head that 
comprises a blade strip bent longitudinally into a generally 
cylindrical shape. The peeler head pivotally connected to the 
body to follow the irregular shape of produce. As the cutting 
head had no own rotating and had to follow the shape of 
rotating vegetable, the chance of getting stuck especially for 
sharp irregular shapes was high. Similar method with a 
simple knife (no own rotating) was applied by ‘He’ et al. 
(1999). They faced with the same problems as previous 
inventers. 
       Cailliot et al. (1988) claimed the disadvantages of 
previous invented appliances as producing a continuos peel 
and clogging the tool in an automatic appliance. They 
claimed one vertical rotary cutter to solve the problem. The 
diameter of rotary cutter was small and equipped with two 
teeth to achieve balance. They considered the speed of cutter 
about 20000 rpm. They limited the depth of penetration with 
choosing small diameter of cutter for example 20 mm. The 
extra length of each tooth from outside diameter of cutter 
defined the depth of penetration in their plan. Although they 
have attempted to solve the clogging problem, but the low 
number and the shape of teeth that comes out from the 
surface of cutter disk caused clogging especially for 
produces with uneven surface. Their peeling tool on that 
presented shape could not follow the surface unevenness of 
irregular shaped produces. For example pumpkin (Jap 
variety as a case study) with irregular thin and deep grooves 
can not be peeled properly with this type of rotary cutter. It 
seems applying rotary cutter with high number of teeth 
located on a small diameter disk would gibe better results. 
Considering small teeth will decrease the chance of clogging 
and increase ability to follow the unevenness surface of 
produces. 
The peeling method of using rotary cutter was selected 
as one of the methods to achieve even peeling on produces 
with uneven surfaces by the authors. They found applying 
special type of rotary cutter, circular shape with triangular 
side section, can evenly peel produce off without any 
clogging. This paper presents results of investigation of the 
degree of even peeling on pumpkin as a case study by using 
special type of rotary cutter (circular shape with triangular 
side section). 
  
Experimental procedure 
 
Materials 
 
The Jap variety of pumpkin (Cucurbitaceous family) from 
different local farms around Brisbane (Queensland, 
Australia) was used for the experiments. The produce was 
randomly selected from ripe, defect-free and quite similarly 
sized (18-23 cm diameter) pumpkins. They were kept under 
controlled temperature and humidity for at least 24 hours 
before the test.  
Experiments were conducted on a test rig that was 
designed and fabricated at the School of Engineering 
Systems, QUT (Emadi et al., 2004). The peeler head 
equipped with an attachment and this provided the peeling 
tool with perpendicular access to the pumpkin’s surface 
(Fig.1 a). A different D.C. motor was used with a higher 
upper speed limit (2000 rpm) that could carry the rotary 
cutter of circular shape with triangular side section (Fig. 1 b) 
on its output shaft. The whole peeler head attachment was 
mounted on a pivoted bracket to follow the shape of the 
pumpkin. The rotary cutter installed on the attachment was 
forced on to the pumpkin surface by means of weights 
hanging on ropes and pulleys. 
 
 
FIGURE.1 
 Test rig components 
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The cylindrical shape with triangular side section of 
rotary cutter was used for experiments (Fig.1 b). This type 
of rotary cutter was selected after preliminary trials of 
different shapes of rotary cutter including cylindrical (in 
two different diameters), semi-elliptical, spherical and 
tapered (Fig.2). It was revealed that except the cylindrical 
shape with triangular side section, other shapes of rotary 
cutters got clogged very quickly. The most likely 
explanation was the placement of the teeth that is in 
perpendicular direction for those types. Circular shape 
with triangular side section compared (in same situation) 
with the other types showed good results without any 
clogging. The teeth were placed in angular position at the 
side of cutter so the removed peel can be easily 
discharged. 
 
Design of experiments 
 
The Taguchi method was used for design of 
experiments (DOE). The array of L9 was applied for four 
independent variables including the angular velocity of 
peeler head (p. speed), the angular velocity of vegetable 
holder (v. speed), the position of peeling on vegetable 
(location), and applied force for pushing rotary cutter to 
pumpkin (force). Independent variables were investigated 
in three level each (Table 1). Experiments were carried 
out with four replications (t1 to t4), each 1 minute. The 
dependent variables were measured every one minute and 
the mean in percentage per unit time (minute) was used 
for assessment. 
 
 
FIGURE.2. 
Different types of rotary cutter 
Left to right: cylindrical (in two different diameters), 
tapered, semi-elliptical and spherical. 
 
 
 
TABLE 1 
 Taguchi experimental design for independent variables 
and levels 
 
Independent variablesb Exp. 
No.a 1 2 3 4 
1 0.66 M 5 1000 
2 0.66 T 10 800 
3 0.66 B 15 600 
4 1 M 10 600 
5 1 T 15 1000 
6 1 B 5 800 
7 0.33 M 15 800 
8 0.33 T 5 600 
9 0.33 B 10 1000 
 
Peel losses 
 
Peel losses in percentage can be calculated by using 
the weight of the product before and after peeling 
(Willard, 1971), by applying the following formula: 
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where,  y1 is peel losses in %/min; t is the time of peeling 
in minute; W1 and W2 are the weight of the unpeeled and 
peeled pumpkin respectively. W2 is not equal either to 
zero or to W1. 
Pumpkins were weighed before and immediately after 
peeling by analogue scale with ± 1 gram accuracy. 
 
Peeling effect 
 
Peeling effect is the percentage of peel that is 
removed from the initial skin per unit time (min). Three 
places (120° including angle) at the circular affected area 
on the pumpkin for each convex and concave area were 
considered for the measurement of the peeling effect. The 
peeling effect (%/min) after each time interval (t1 to t4) of 
peeling was measured at the same place, and the mean 
value was calculated for further discussion. A ring 
indicator with an internal diameter of 15 mm was used to 
identify the area of measurement on each place. Optical 
judgement was made by three observers and the average 
value was reported. Remaining peel inside the indicator 
was recorded noting the different colours of skin layers, 
thickness and area, and these were the main criteria for 
assessment. The suggested formula by Singh and Shukla 
(1995) was used and modified for the calculation of the 
peeling effect as follows: 
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where, y2 is peeling effect in %/min; t is peeling time in 
minute; A1 is the fraction of peel inside the internal area of 
the ring indicator before peeling (assumed to be 100); and 
A2 is the fraction of remaining peel inside the internal area 
of the ring indicator after peeling.  
 
Estimated responses at the optimum conditions 
 
The estimation of the mean response in optimum 
conditions (optimization) was carried out on the basis of 
Taguchi analysis of variance (ANOVA) by applying 
following equation (Roy, 1990):  
                               
                                          
where: 
µ = estimate of the mean response; 
T = mean of all experimental data; 
xnLS = optimal level sum response for the significant 
factor at the level of interest. 
 
Data analysis 
 
Analysis of variance has been carried out on the basis 
of the Taguchi method. It was used to calculate the 
percentage contribution of independent variables and their 
effect on the response variables. Estimation of the results 
in optimum conditions also was carried out using the 
suggested method by Taguchi.  
 
Results and discussion 
 
The contribution of four independent variables involving 
force, v. speed, p. speed, and location to three dependent 
( ) ( ) ( )TLSTLSTLST xnxx −++−+−+=  21µ
variables while neglecting the interactions was 
statistically calculated and is shown in Figure 3.  
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FIGURE.3  
The contribution of independent variables to responses  
 
As the aim of this study was to investigate the 
method and not the peeler, the manufactured test rig was 
designed to enable peeling on a circumferential band (40 
mm average width) around the whole pumpkin and 
experimental data relates to that area. The main influences 
of independent variables on dependent variables involving 
peel losses (%/min), peeling effect (%/min) at concave 
and convex areas are illustrated in Figure 4. In this figure 
logarithmic scale for y axes was used to enable 
comparison between peel loses and peeling effects. 
The location made a high contribution to the peel 
losses and concave peeling effect. While the rate of 
convex peeling effect remained constant for different 
areas of pumpkin (Figure 4 a), the concave peeling effect 
at the top of produce was smaller than at other areas. As 
the concave peeling effect at the bottom of pumpkin was 
smaller than at the middle, the direction of application of 
the force on the rotary cutter may be a possible 
explanation. Peel losses showed a similar trend as 
concave effect except at the bottom area. Although the 
concave effect at the bottom was higher than at the top 
areas, the peel losses were smaller. One likely reason of 
that might be the smaller thickness of skin at the bottom 
of the pumpkin that is less exposed to the sun. The 
comparison of the results also showed that concave 
peeling effect was significantly influenced by force 
variable (Figure 3). The change of force values as the first 
important contributor had greater effect on concave than 
convex areas (Fig.4 b). While convex effect remained 
constant for the last two levels, concave effect did show 
an increasing trend up to the last level of force which 
obtained almost the same value as convex effect. It means 
the value of applied force can be used to control the 
penetration of rotary cutter into grooves and achieve to 
the even peeling at different areas of produce. Although 
the contribution of the force to the peel losses was 
comparatively lower, applied force at mid-level (0.66 N) 
caused lower peel losses. It could be because of lower 
peeling waste in this level compared to the other levels of 
force. 
The contribution of angular velocity of the rotary cutter 
(p. speed) and vegetable holder (v. speed) to peeling of 
concave areas was negligible (Fig.3). Only v. speed 
showed insignificant contribution to peeling effect at 
convex areas (Fig. 3). This statement is also shown by 
Fig.4 c and d. The influence of different values of v. 
speed and p. speed on peeling effect in general, remained 
constant when considering a little deviation for mid-
levels. In spite of that constancy, the peel losses were 
considerably higher for mid level of the p. speed and the 
last high level of the v. speed (15 rpm). It might be 
because of peeling waste in these levels while the authors 
think it needs more investigations.  
 
Estimated responses  
 
High peeling effect in concave and convex areas with 
low peel losses as well as a small difference between 
concave and convex peeling effect were the criteria for 
the selection of the best parameter levels. The 
performance at optimum combination of variables was 
estimated only from the significant factors (p < 0.05). 
Therefore, all variables were inserted in calculation of 
estimated response for peel losses. The only significant 
factor for peeling effects was force that was considered 
for the estimated response of concave peeling effect. High 
level of force (1 N) that showed high peeling effects and 
small difference for concave and convex areas was chosen 
for optimization. Although peeling in the middle areas of 
the pumpkin gave high peel losses, because of equality of 
peeling effects, it was chosen as the criteria of 
optimization. A lower level of the v. speed (5 rpm) 
because of lower peel losses and small difference of 
peeling effects was selected for optimization. The p. 
speed in the mid level (800 rpm) led to higher and more 
equal peeling effects and was used for calculating 
optimized results. Estimated responses for concave and 
convex peeling effect were obtained at 36.66 and 45.27 
%/min respectively at 0.74 %/min peel losses.  
 
Conclusion 
 
The capability of a new rotary cutter to approach even 
peeling on Jap variety of pumpkin was investigated. 
Estimated responses at optimum conditions showed close 
values of peeling effect in concave and convex areas. It 
was statistically calculated as 36.66 and 45.27 %/min for 
concave and convex areas respectively at 0.74 %/min peel 
losses. As the force variable could significantly (P < 0.05) 
affect peeling effect at concave areas, closer values of 
peeling effects can be achieved with applying higher 
forces (bigger than 1 N).  
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FIGURE.4 
 The effects of independent variables on responses resulted from using rotary cutter 
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